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Description 

Technical Field 

The present invention relates to body implantable 
devices, and more particularly to prostheses and 
grafts intended for long-term or permanent fixation in 
body cavities. 

Background Art 

A wide variety of patient treatment and diagnostic 
procedures involve the use of devices inserted into 
the body of the patient, with some of these devices 
being permanently implanted. Among these devices 
are prostheses or grafts for transluminal implantation, 
for example as disclosed in U. S. Patent No. 
4,655,771 (Wallsten). The prosthesis described in 
WaJIsten is a flexible tubular braided structure formed 
of helically wound thread elements. Gripping mem- 
bers at opposite ends of the prosthesis initiatty secure 
it to a catheter, with the proximal gripping member be- 
ing movable distally to give the prosthesis the shape 
of a balloon. In deployment, the gripping members 
and catheter are removed, leaving the prosthesis to 
assume a substantially cylindrical shape as it slightly 
expands and substantially conforms to a blood vessel 
wait or other tissue. Another prosthesis is disclosed 
in U. S. Patent No. 4,691,110 (Wiktor). Aflexible tub- 
ular liner, constructed of braided strands of a flexible 
plastic, is insertable into the aorta, whereupon it self- 
expands against an aneurysm to direct blood flow 
past the aneurysm. The braided stents of Wallsten 
and Wiktor axially contract as they radially expand. 

Another elastic stent is shown in U. S. Patent No. 
4,830,003 (Wolff et al). The stent includes a series of 
generally longitudinal wires welded together in pairs, 
with the wires in each pair then bent into a "V" shape. 
Like the braided stents, this stent shortens axially as 
it radially expands. 

Prostheses also have been constructed of plast- 
ically deformable materials. U. S. Patent No. 
4,733,665 (Palmaz) discloses intraluminal vascular 
grafts radially expanded using angioplasty balloons. 
The grafts are wire mesh tubes, and axially shorten 
as they radially expand. U. S. Patent No. 4,600,862 
(Gianturco) features a stent formed of wire, including 
a plurality of serpentine bends to form opposed loops. 
A balloon is inflated to radially expand the stent, with- 
out substantial axial shortening. 

Yet another approach to prosthesis design is 
shown in U. S. Patent No. 3,866.956 (AJfkJi et al). Al- 
f idi et al discloses a strainer or screen with a plurality 
of generally longitudinal wires, bound together by a 
cylindrical sleeve. The wires are deformable into a 
longitudinal, straight-line configuration for implanta- 
tion. Once implanted, the device is heated. Due to the 
recovery property of the metal forming the wires (e\g. 



nitinol alloy), heating causes the wires to flare radially 
outward at the opposite ends, thus to secure the de- 
vice at the desired location. A stent including means 
for maintaining a constant axial length in spite of ra- 

5 dial expansion or contraction, is disclosed in U. S. Pa- 
tent No. 4,553,545 (Maass et al), as a prosthesis in 
the form of a helical coil spring. In one embodiment, 
a constant axial length of the spring is maintained, 
with opposite ends of the spring rotated relative to 

10 one another to change the spring pitch and radius. An 
alternative approach involves maintaining a constant 
pitch over a given section of a spring, by providing 
spring material to a "constant length" section from a 
more compressed section of the spring. In each case, 

15 the spring preferably is elastic, with a memory favor- 
ing the radially expanded configuration. 

A self-expanding stent or prosthesis often is pre- 
ferred over a plastically deformed device. Resilient 
stents can be deployed without dilatation balloons or 

zo other stent expanding means. A self-expanding stent 
can be preselected in accordance with the diameter 
of the blood vessel or other fixation site. While de- 
* ployment requires skill in positioning the prosthesis, 
the added skill of properly dilating the balloon to plast- 

25 ically expand a prosthesis to a selected diameter is 
not required. Also, the self-expanding device remains 
at least slightly compressed after fixation, and thus 
has a restoring force which facilitates acute fixation. 
By contrast, the plastically expanded stent must rely 

30 on the restoring force of deformed tissue, or on 
hooks, barbs or other independent fixation means. 

Further advantages arise from constructing the 
prosthesis of multiple, braided and helically wound 
strands or filaments as in the aforementioned Wall- 

35 sten patent The filaments themselves have a restor- 
ing force which causes the filaments to bear against 
tissue walls of the body cavity in which the stent is 
fixed, thus maintaining the cavity open. At the same 
time there is sufficient space between adjacent fila- 

40 ments to promote embedding of the stent into the tis- 
sue, and fibrotic growth to enhance long-term fixa- 
tion. A further advantage of this construction .is that 
it enables a substantial radial contraction of the pros- 
thesis during deployment, for example to as little as 

45 about one-fourth of the normal diameter (the diame- 
ter in the relaxed state, i.e. when subject to no exter- 
nal forces). This facilitates deployment of the prosthe- 
sis through narrow vessels or other constrictions on 
the way to the point of fixation. 

so At the same time, a substantial axial elongation 
accompanies the radial contraction. There is a sub- 
stantial axial contraction or shortening as the stent 
self expands, once free of its radial constraint. Thus, 
there is a rubbing or scraping action axially along tis- 

55 sue as the radially expanding stent also axially short- 
ens. Should tissue at the fixation area further yield to 
radial prosthesis expansion in the longer term, such 
expansion causes further axial shortening and wiping 
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action, and presents further risk of injury to tissue. A 
furthardrawbac* is that a stent during its fixation may 
radially expand more than expected, retaining less 
than the intended or minimum necessary axial 
length. Likewise, a plastically deformable stent may 
require more than the anticipated radial expansion 
and axial shortening. 

Therefore, it Is an object of the present invention 
to provide a prosthesis of open weave, helical and 
braided construction capable of substantially main- 
taining its axial length as it radially self-expands. 

Another object is to provide a radially expanding 
tubular stent comprised of at least two stent seg- 
ments, with an area of overlap of the sections vari- 
able in axial length to maintain a consistent axial sep- 
aration between non-overlapping ends of the stent 

Yet another object is to provide a stent with a me- 
dial portion variable in axial length, in combination 
with means at the opposite end portions of the stent 
for f being the stent to bodily tissue, such that the bod- 
ily tissue maintains a substantially constant axial sep- 
aration of the two end portions during any radial ex- 
pansion or contraction of the stent 

Disclosure of Invention 

To achieve these and other objects, there is pro- 
vided a body implantable device, including coaxial 
first and second open weave stent segments slidably 
engaged to form a stent. The stent segments are en- 
gaged along respective concentric first and second 
axial ly inward portions overlapping one another to 
form a medial region of the stent Further, the stent 
segments include opposite non-overlapping first and 
second axially outward regions with respective and 
opposite first and second ends of the stent The stent 
segments, at least along the axially inward portions, 
have a predetermined first diameter and a predeter- 
mined first axial length. The stent segments are radi- 
ally compressible to a second diameter less than the 
first diameter and to a second axial length longer than 
the first axial length, to facilitate an axial insertion of 
the stent into a body cavity for delivery to a selected 
location along the body cavity and subsequent fixa- 
tion of the stent to a cavity wall segment defining the 
body cavity. During its fixation, the stent radially ex- 
pands. The first and second axially inward portions 
slide relative to one another to reduce the axial length 
of the medial region during the radial expansion un- 
der positive fixation of said first and second ends. 
Thus the stent maintains a substantially constant ax- 
ial length during radial expansion. 

A preferred approach uses means for fixing the 
outward ends of a serf-expanding stent, e.g. respec- 
tive first and second flared outer end portions along 
the axially outward regions of the stent. The first and 
second ends:have diameters greater than the first di- 
ameter when the stent is in the relaxed state, and 



when compressed tend to have a greater restoring 
force against the cavity wall segment, as compared 
to the remainder of the stent The end diameters 

6 should be greater than the medial region diameter by 
five percent or more, ensuring a substantial differ- 
ence in restoring force for a relatively constant diam- 
eter of the cavity along the tissue wall segment. 
Alternatively, the outer end portion of each stent 

10 segment can have the same diameter as the medial 
region, but be composed of larger diameter filaments, 
added windings of filaments or otherwise have in- 
creased stiffness or resistance to radial contraction 
as compared to the medial region. Yet another alter- 

15 native is to provide fixation elements, for example 
hooks, at the opposite ends of the stent. 

In combination with positive fixation of the stent 
ends, a substantial medial overlapping region is pro- 
vided when the stent segments are in a radially com- 

20 pressed or delivery configuration. For example, the 
overlapping region may comprise three-fourths or 
more of the axial length of the compressed stent. 
Then, upon deployment of the stent both stent seg- 
ments radially expand and axially shorten. With the 

25 outer ends of the stent fixed, the axial shortening oc- 
curs only along the medial region, substantially short- 
ening the region of overlap but maintaining the de- 
sired axial separation of the opposite stent ends. 
An open weave of braided, helically wound 

30 strands or filaments is the preferred structure of the 
tubular stent. The open weave structure enables sub- 
stantial self-expansion in the stent, for example to a 
fixation diameter at least three times the diameter 
during delivery. This of course results in a substantial 

35 corresponding axial shortening in each of the stent 
segments, but due to the overlapping medial region 
of the stent, the overall axial length remains virtually 
constant. 

A pliable catheter is a suitable apparatus for de- 

40 livery and deployment of the stent More particularly, 
a pliable sheath can surround at least the distal end 
portion of the catheter and extend beyond the distal 
tip to surround the stent segments as well, maintain- 
ing them in a radially compressed delivery configur- 

45 ation. The catheter can be provided with a lumen, 
through which a guide wire may be inserted to facili- 
tate travel of the catheter and compressed stent 
through blood vessels or other body cavities to the 
fixation area. Once the catheter is inserted properly 

50 to position the stent at the desired fixation point, the 
outer sheath is withdrawn proximally, with the stent 
abutting the catheter and thus secured against prox- 
imal travel with the sheath. The distal portion of the 
stent self-expands first, and in expanding against tis- 

55 sue, secures the stent segment against proximal trav- 
el. With one end of the stent constrained by tissue 
and the opposite end constrained by a stationary 
catheter, the axial length of the stent remains sub- 
stantially constant. Axial shortening of the stent seg- 
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merits, which accompanies their radial expansion, 
tends to diminish the length of the medial region and 
leave the overall axial length unaffected. 

Following fixation, further yielding of the tissue 
segment can result in further radial expansion of the 
stent. However, with the opposite ends of the stent 
secure, any axial shortening of the stent segments 
again affects only the medial overlapping region. 
Thus, the advantages of the open weavB construc- 
tion are retained, without an undesirable shortening 
of the stent as it radially self-expands. 

Brief Description of Drawings 

For a further understanding of the above and 
other features and advantages, reference is made to 
the following detailed description and the drawings, in 
which: 

Figure 1 is a side elevation of a body implantable 
device constructed in accordance with the pres- 
ent invention; 

Figure 2 is a side sectional view of a catheter and 
sheath retaining the implantable device in a radi- 
ally compressed condition; 
Figure 3 is an end view of the device, catheter 
and sheath; 

Figure 4 is a side sectional view showing deploy- 
ment of the device within a body cavity; 
Figure 5 is a side view of the device fixated within 
the cavity; 

Figure 6 is a side elevation of an alternative em- 
bodiment device in the relaxed or fully radially ex- 
panded condition; 

Figure 7 is a side elevation showing yet another 
alternative device in the expanded or relaxed 
condition; 

Figure 8 is a side elevation illustrating a further al- 
ternative device in a radially compressed state; 
Figure 9 is a side elevation of the device of Figure 
8 in the expanded condition; 
Figure 10 is a side elevation showing yet another 
alternative device, in a radially compressed con- 
dition; and 

Figure 11 is a side elevation of the device of Fig- 
ure 10 in the radially expanded condition. 

Modes for Carrying Out the Invention 

Turning now to the drawings, there is shown in 
Figure 1 a body implantable prosthesis or stent 16. 
Stent 16 has an open mesh or weave construction, 
formed of helicall y wound and braided strands or f ila- 
ments 18 of a re silient jnateria l, for example a body 
compatible stainless steel or an elastomer, e.g. poly- 
propylene, polyurethane, polysulfone or a polyester. 

Stent 16 includes coaxial proximal and distal 
stent segments 20 and 22. A medial region 24 is 
formed by the overlapping of respective axially in- 



ward portions of stent segments 20 and 22. Axially 
outward, non-overlapping portions of the stent seg- 
ments are indicated at 30 and 32, respectively. At op- 

6 posite ends of the stent are flared ends 34 and 36, 
each having a greater radius than the nominal radius 
over the majority of the stent length. As is later ex- 
plained, flared ends 34 and 36 provide a fixation fea- 
ture useful to maintain a constant overall axial length 

w in stent 16, even while stent segments 20 and 22 ra- 
dially self-expand and axially contract during fixation. 

In Figure 1, stent 16 is shown in its relaxed con- 
dition, with no external forces applied to radially con- 
tract the stent Stent 18 is self-expanding in thesense 

is that when not subject to external forces, it assumes 
a diameter much larger than the diameter illustrated 
in Figures 2 and 3. In these figures, the stent is elast- 
ically deformed and maintained in a radially reduced 
configuration by a pliable, dielectric sheath 38 sur- 

20 rounding the stent. 

An elongate and pliable catheter 40. of which just 
the distal end region is shown in Figure 2, includes a 
distal tip 42 which abuts the proximal end of the stent. 
The proximal portion of sheath 38 surrounds the dis- 

25 tal end region of the catheter. Catheter 40 has a cen- 
tral lumen 44 open to tip 42 and running the length of 
the catheter, to permit delivery of a drug, in liquid 
form, to the catheter distal tip from a supply at the 
proximal end of the catheter. Lumen 44 further en- 

30 ables the use of a guide wire (not shown) which can 
be intravenously inserted, by its distal end to the de- 
sired point of fixation for stent 16. With the guide wire 
in place, catheter 40, stent 16 and sheath 36 are posi- 
tioned to surround the proximal end of the guide wire 

35 with the guide wire contained within lumen 44. Then, 
the catheter, sheath and stent are moved distally or 
advanced, directed by the guide wire to the fixation 
location, whereupon the guide wire can be with- 
drawn. 

40 Sheath 38 preferably is constructed of silicone 

rubber or other suitable biocompatible material, and 
surrounds the stent and catheter at least along the 
catheter distal end region, or along the full length of 
the catheter if desired. Sheath 38 preferably is thin to 

45 facilitate intravascular insertion of the catheter, 
sheath and stent, yet is sufficiently thick to maintain 
stent 16 in a reduced radius or delivery configuration 
against the restoring force of strands 1 8. The outside 
diameter of the assembly including the catheter, stent 

50 and sheath is approximately 2.3 millimeters. 

Stent 16 is particularly well suited for use as a 
prosthesis or graft in a blood vessel or other body 
cavity. One advantageous use of the stent occurs in 
connection with percutaneous transluminal coronary 

55 angioplasty (PTCA) procedures. While such proce- 
dures afford significantly reduced cost and risk as 
compared to coronary bypass operations, acute clo- 
sure and recurrence of stenosis are significant prob- 
lems in up to about thirty percent of constricted or 
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blocked passages opened by balloon angioplasty. 
The fixation of stent 16 within a blood vessel along a 
previously occluded region tends to keep this region 
permanently open. 5 

Fixation of stent 1 6, within a blood vessel 46 hav- 
ing a tissue wall segment 48, begins with intravascu- 
lar insertion of the stent, catheter and sheath in the 
delivery configuration shown in Figures 2 and 3. The 
reduced radius facilitates insertion of this assembly to 
through blood vessel 46 until stent 16 reaches a pre- 
determined fixation location along the blood vessel. 
Once the proper positioning of the stent is confirmed, 
e.g. through use of one or more radiopaque markings 
on the stent, sheath or catheter, sheath 38 is moved is 
proximally with respect to catheter 40. 

With distal tip 42 abutting stent 16, the catheter 
prevents the stent from traveling proximally with 
sheath 38 as the sheath is withdrawn. Thus, as seen 
from Figure 4, stent 16 becomes free of sheath 38 zo 
over an increasing distal portion of its axial length. As 
each of stent segments 20 and 22 becomes free, K ra- 
dially self-expands until contacting tissue wall seg- 
ment 48, then undergoes slightly further radial expan- 
sion until the tendency to radially expand is counter- 25 
balanced by the restoring force exerted radially in- 
ward by the tissue wall segment At the equilibrium 
condition, shown in Figure 5, stent is not fully radially 
expanded to the relaxed configuration shown in Fig- 
ure 1 , and thus applies a restoring force which tends 30 
to maintain the stent at the fixation position within 
vessel 46. 

A salient feature of the present invention is the 
concentric and slidable mounting of stent segments 
20 and 22 in combination with the fixation provided by 35 
flared ends 34 and 36. During initial withdrawal of 
sheath 38, the distal flared end 36 is the first to en- 
counter tissue wall segment 48. Due to its larger nom- 
inal (relaxed state) diameter, flared end 36 tends to ra- 
dially expand somewhat more than the remainder of 40 
axially outward portion 32 of this segment, and ap- 
plies comparatively greater restoring force in the ra- 
dially outward direction against the tissue wall seg- 
ment. Accordingly, the axial shortening of distal stent 
segment 22 which accompanies radial expansion, 45 
e.g. from a length of 100 mm when delivered to a fix- 
ation length of 50 mm, occurs almost entirely by travel 
of axially inward portion 24, distally or rightwardly as 
viewed in Figure 4. The slidable engagement of seg- 
ments 20 and 22 permits such distal travel while prox- so 
imal segment 20 remains substantially fixed relative 
to catheter 40. 

As sheath 38 is further withdrawn, proximal seg- 
ment 20 likewise radially expands and axially short- 
ens. As illustrated in Figure 4, much of axially outward 55 
portion 30 of segment 20 remains radially com- 
pressed within sheath 38, and thus is held fixed with 
respect to the catheter. Consequently, the axial con- 
traction of proximal stent segment 20 during radial ex- 



pansion occurs almost entirely by virtue of proximal 
travel of its axially inward portion. This of course in- 
volves further sliding of the stent segments relative to 
one another, and further reduces the axial length of 
medial overlapping region 24. 

As seen from Figures 2 and 5, the total axial 
length of stent 16, designated V, is substantially the 
same whether the stent is in the deployment state, or 
the radially expanded to equilibrium or fixation. Prox- 
imal stent segment 20 and distal stent segment 22 are 
each substantially shorter in equilibrium. However, 
virtually all of the reduction in axial length is reflected 
in the substantially reduced length of medial overlap- 
ping region 24, which accounts for more than three- 
fourths of the total stent length in Figure 2, and only 
about one-fifth of the overall stent length in Figure 5. 

Eventually, fixation of stent 16 becomes perma- 
nent by virtue of the embedding of strands 18 into tis- 
sue wall segment 48, and f ibrotic growth of tissue be- 
tween and around strands to anchor the stent This 
type of fixation occurs over a period of weeks, and in 
the intervening time, tissue wall segment 48 may 
yield to allow further radial expansion of a stent, and 
further axial shortening of stent segments 20 and 22, 
The axial length V remains substantially constant 
nonetheless, as this further axial contraction is again 
reflected in a further shortening of the medial over- 
lapping region. Axial contraction occurs along the me- 
dial region, since flared ends 34 and 36 continue to 
exert a comparatively greater restoring force against 
the tissue, thus more securely anchoring the ends as 
compared to the central portions of the stent. Thus, 
the overall length of the stent is maintained not only 
during and immediately after fixation, but in the inter- 
im until fibrosis permanently secures the stent. 

Figure 6 shows an alternative embodiment stent 
52, again with concentric and sJ id ably connected 
proximal and distal stent segments as indicated at 54 
and 56. Axially inward portions of the stent segments 
overlap to form a medial region 58. Stent 52 has an 
open mesh or weave construction, formed of helically 
wound and braided filaments 60. 

Stent 52, illustrated in its relaxed or unstressed 
state, does not include radially outward flares at its 
opposite ends. In lieu of flared ends, each of stent 
segments 54 and 56 includes at its axially outward 
end a plurality of reinforcing strands 62 connected to 
the braided filaments 60, thus to create respective 
proximal and distal reinforced end regions 64 and 66. 
The reinforcing strands 62 can, but need not, be of the 
same construction as the base filaments. In either 
event, the reinforcement strands lend further elastic 
resistance to radial compression, such that a given 
elastic radial compression of stent 52 requires a 
greater force at reinforced end regions 64 and 66 as 
compared to the force required between these re- 
gions. 

Stent 52 can be deployed in the manner descri- 
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bed above in connection with stent 16. Following 
proper positioning of the stent within a blood vessel 
or other body cavity, a surrounding sheath similar to 
sheath 38 is withdrawn proximally from its surround- 
ing relation with stent 52, allowing the stent to radially 
self-expand into contact with the tissue forming the 
cavity. Again, stent 52 is selected to have a nominal 
diameter (in the relaxed state) greater than the diam- 
eter of the body cavity, so that base filaments 60 and 
reinforcement strands 62 engage the tissue before 
full expansion, and are contained short of full expan- 
sion by body tissue, for an equilibrium of the restoring 
force in the stent and the oppositely directed restoring 
force in the body tissue. With the stent in equilibrium 
(as shown in Figure 5 in connection with stent 16), re- 
inforced end regions 64 and 66 may or may not flare 
slightly radially outward from the remainder of the 
stent. In either event, the restoring force at the rein- 
forced end regions is greater than the restoring force 
along the remainder of the stent length. Accordingly, 
the opposite ends of stent 52 tend to remain secure 
in their axial positioning relative to the body tissue, 
with axial contraction occurring as substantial reduc- 
tion in the length of medial region 58. 

Figure 7 illustrates yet another approach to pre- 
serving the axial length of the stent, in this case, a 
plurality of fixation hooks 70 at the opposite ends of 
a stent 72 having a slidably interconnected and co- 
axial proximal and distal stent segments 74 and 76. 
Fixation hooks 70 present some risk of injury and t hus 
are more limited in their application than the fixation 
alternatives previously discussed. Nonetheless, 
hooks 70 provide a positive and immediate fixation of 
stent 72 within a cavity at the opposite stent ends. 
Subsequent radial expansion and axial contraction of 
stent segments 74 and 76 serves to reduce the length 
of a medial region 78, preserving the overall length of 
the stent. 

Figures 8 and 9 illustrate a further embodiment 
stent or prosthesis 80 including a proximal segment 
82, a distal segment 84 and a center segment 86 slid- 
ably engaged with the proximal and distal segments. 
All three segments of prosthesis 80 have the previ- 
ously described open mesh or weave construction of 
braided filaments. Stent 60 thus includes two over- 
lapping regions intermediate its proximal and distal 
ends 88 and 90, namely a proximal intermediate re- 
gion 92 and a distal intermediate regbn 94. While 
center segment 86 is shown with a smaller radius 
than the other segments for convenience of illustra- 
tion, all segments preferably have substantially the 
same radius. 

Figure 9 illustrates stent 80 in the relaxed or ra- 
dially expanded state. Each of segments 82, 84 and 
86 has a reduced axial dimension as well as a larger 
radius. Nonetheless, the axial distance between 
proximal end 68 and distal end 90 remains about the 
same, with virtually all of the axial contraction reflect- 



ed in the substantially reduced axial dimensions of in- 
termediate overlapping regions 92 and 94. 

Prosthesis 80 can be deployed in the manner de- 

6 scribed above in connection with other embodiments. 
Following the desired positioning of the prosthesis 
within a blood vessel or other body cavity, a sur- 
rounding sheath is withdrawn slidably or folded back 
from a surrounding relation to the prosthesis, permit- 
to ting it to radially self- expand into contact with a tissue 
wail segment forming the cavity (not shown). Of 
course, the diameter of the cavity should be less than 
the normal or radially expanded diameter of the pros- 
thesis. Prosthesis 80 does not utilize any special end 

15 fixation structure such as the earlier described 
hooks, reinforced ends or flared ends. Rather, the 
prosthesis is positioned by virtue of the self- 
expansion and restoring force of the segments, to 
maintain their relative positions, particularly during 

20 their deployment and release from a sheath or the 
like, but also after fixation. It should be noted that this 
approach is suitable for the two-segment stents ear- 
lier described, although some type of end fixation 
means facilitates maintaining a constant axial length 

25 of the stent. If desired, a fixation structure can be pro- 
vided at ends 88 and 90. 

Figures 10 and 11 illustrate yet another embodi- 
ment stent 96 including proximal and distal segments 
98 and 100, slidably engaged and overlapping 

30 along.a medial region 102. A strand or wire 104 runs 
parallel to stent 96 and is secured at points 106 and 
106 near proximal and distal ends 110 and 112, re- 
spectively. Wire 104 is sufficiently flexible to bend 
along with stent segments 98 and 1 00 during delivery 

35 of the stent to the point of fixation. Yet the wire is stiff 
and substantially inextensible in the axial direction. 
Consequently wire 104 maintains a constant axial 
separation of proximal end 110 and distal end 112, 
whether stent segments 98 and 100 are radially con- 

40 fined as shown in Figure 10 or radially expanded as 
seen in Figure 11. With wire 104 positively determin- 
ing the total length of stent 96, all of the axial contrac- 
tion of stent segments 96 and 100 is reflected in the 
reduction of medial overlapping region 102. While the 

45 provision and securement of one or more wires 104 
add to the cost of stent 96 as compared to other em- 
bodiments, the wire ensures that the stent length re- 
mains constant, regardless of the amount of radial ex- 
pansion during fixation. 

so The above embodiments all feature an open 
weave or braided construction of resilient filaments 
for a self-expanding stent or prosthesis. As an alter- 
native, the stents can be constructed of plastically de- 
formable strands. Such stents are delivered in a re- 

55 duced-radius configuration, and after positioning, are 
radially expanded by dilating a catheter balloon or the 
like, e.g. as in the aforementioned Palmaz patent. 
Moreover, while the disclosed embodiments are em- 
ployed in blood vessels, it is to be appreciated that 
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these stent designs are suited for other body cavities 
as well, e.g. the urethra, biliary tree or tracheobron- 
chial tree. Regardless of whether hooks, reinforcing 
strands or outwardly flared end portions are em- 
ployed for outer end fixation, the full axial length of 
the stent is maintained substantially constant, unaf- 
fected by radial expansion and accompanying axial 
contraction of the engaged stent segments. Accord- 
ingly, upon deployment and in the ensuing weeks af- 
ter fixation, the functional advantages of a helically 
wound, braided filament design are achieved without 
the disadvantages associated with axial shortening. 



Claims 

1. Adevice for fixation in a body cavity, comprising; 

a stent (16) including generally tubular and 
coaxial first and second open weave stent seg- 
ments (20, 22) slidably engaged along respective 
first and second axially inward portions overlap- 
ping one another to form a medial region (24) of 
the stent (16), said stent segments (20, 22) fur- 
ther including respective non-overlapping first 
and second axially outward regions (30, 32) in- 
cluding respective and opposite first and second 
ends (34, 36) of the stent (16); 

said stent segments (20, 22), at least along 
said axially inward portions, having a predeter- 
mined first diameter and a predetermined first ax- 
ial length, said stent segments (20, 22) being ra- 
dially compressible to a second diameter less 
than said first diameter and to a second axial 
length longer than said first axial length, to facil- 
itate an axial insertion of said stent (16) into a 
body cavity for delivery to a selected location 
the real ong and subsequent fixation of the stent 
(16) within the cavity by effecting an engagement 
of the stent segments (20, 22) with a tissue wall 
segment defining said body cavity; and 

wherBin said first and second axially in- 
ward portions are capable of sliding relative to 
one another to reduce the axial length of said me- 
dial region (24) as said stent segments (20, 22) 
radially expand into said engagement under pos- 
itive fixation of said first and second ends (34,36), 
thus to maintain a substantially constant axial 
length of said stent (16) during said radial expan- 
sion. 

2. The device of Claim 1 wherein: 

each of said stent segments (20, 22) is an 
open weave construction of helically wound fila- 
ments (18) of a resilient, body- compatible mate- 
rial. 

3. The device of Claim 2 further including: 

a means for fixing said first and second 



ends (34, 36) to said tissue wall segment. 

4. The device of Claim 3 wherein: 

6 said stent segments (20, 22) are flexible 

and have said predetermined first diameter and 
first axial length when not subject to external 
force, and are elastically compressible to said 
second diameter. 

w 

5. The device of Claim 4 wherein: 

said fixing means comprises first and sec- 
ond flared outer end portions of said first and sec- 
ond axially outward regions (30, 32), respective- 
15 ly, whereby said first and second ends (34, 36) 
have diameters greater than said first diameter 
when the stent (16) is in the relaxed state. 

6. The device of Claim 5 wherein: 

zo the diameters of said first and second 

ends (34, 36) are greater than said first diameter 
by at least five percent. 

7. The device of Claim 6 wherein: 

25 the axial length of each of said flared outer 

end portions is less than one-third of the axial 
length of its associated one of said stent seg- 
ments (20, 22). 

30 8. The device of Claim 4 wherein: 

said fixing means comprises elastic rein- 
forcing strands connected to said filaments along 
first and second outer end portions including said 
first and second ends (34, 36), respectively. 

35 

9. The device of Claim 3 wherein: 

said fixing means comprises first and sec- 
ond pluralities of fixation hooks mounted to the 
stent (1 6) at said first and second ends (34, 36), 
40 respectively. 

10. The device of Claim 1 further including: 

an elongate, flexible and substantially in- 
extensible member running axially and connect- 
45 ed to said first and second stent segments (20, 

22) proximate said first and second ends (34, 36), 
for maintaining the axial length of the stent (16) 
constant during said radial expansion. 

50 

Patentanspruche 

1. Vorrichtung zur Fixierung in einem Korperhohl- 
raum, umfassend: einen Spreizkdrper (1 6) mit all- 
55 gemein rohrformigen und koaxialen ersten und 
zweiten Spreizkdrperabschnitten (20, 22) in offe- 
ner Webart (open weave), die in gleitendem Ein- 
griff entlang einem ersten bzw. zweiten axial in- 
nen liegenden Toil stehen, wobei diese Teile ein- 
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ander unter Bildung eines mittleren Bereichs (24) 
des Spreizkorpers (16) uberlappen, und wobei 
die Spreizkdrperabschnitte (20, 22) waiter h in 
nicht uberlappend einen ersten bzw. einen zwei- « 
ten axial auften liegenden Bereich (30, 32) auf- 
weisen, die gegeniiberliegend ein erstes bzw. ein 
zweites Ende (34, 36) des Spreizkorpers (16) 
enthalten; 

wobei die Spreizkdrperabschnitte (20, 22) zumin- w 
dest entlang den axial innen liegenden Teilen ei- 
nen vorgegebenen ersten Durchmesser und eine 
vorgegebene erste axiale Lange haben, und radi- 
al bis auf einen zweiten Durchmesser, der kleiner 
ist als der erste Durchmesser, und auf eine zweite 15 
axiale Lange, die grd&er ist als die erste axiale 
Lange, zusammendruckbar sind, urn ein axiales 
Einsetzen des Spreizkorpers (16) in einen Kor- 
per hohlraum zum Verbringen an eine ausgewihl- 
te Stelle entlang dem Hohlraum und zum an- 20 
schlieBenden Fixieren des Spreizkorpers (16) in- 
nerhalb des Hohlraums durch Bewirken eines 
Angrrffs der Spreizkdrperabschnitte (20 t 22) an 
einem Gewebewandabschnitt, der den Korper- 
hohlraum begrenzt, zu erleichtern; und 25 
wobei der erste und der zweite der axial innen lie- 
genden Teile relativ zueinander gleiten konnen, 
urn die axiale LSnge des mittleren Bereichs (24) 
zu reduzieren, wenn sich die Spreizkbrperab- 
schitte (20, 22) unter positiver Fixierung der er- 30 
sten und zweiten Enden (34, 36) radial in diesen 
angreifenden Zustand expandieren, urn so eine 
im we&endichen konstante axiale Lange des 
Spreizkorpers (16) wahrend der radialen Expan- 
sion aufrechtzuerhatten. 35 

2. Vorrichtung nach Anspruch 1, bei der: 

jeder der Spreizkdrperabschnitte (20, 22) eine 
Konstruktion offener Webart von in einer Helix 
gewickelten Faden (1 B) a us einem federnd nach- 40 
giebigen, korperkompatiblen Material ist 



Endteil des ersten bzw. des zweiten au&en lie- 
genden Bereichs (30, 32) umfa&t, wodurch das 
erste und das zweite Ende (34, 36) groBere 
Durchmesser haben als den ersten Durchmes- 
ser, bei dem der Spreizkorper (16) sich in ent- 
spanntem Zustand befindet. 

6. Vorrichtung nach Anspruch 5, bei der 

die Durchmesser des ersten und des zweiten En- 
des (34, 36) urn wenigstens 5 % gro&er sind als 
der erste Durchmesser. 

7. Vorrichtung nach Anspruch 6, bei der: 

die axiale Lange jedes der sich erweiternden 3u- 
Beren Endteil e kleiner ist als ein Drittel der axia- 
len Lange des ihm jeweils zugeordneten Spreiz- 
korperabschnitts (20, 22). 

8. Vorrichtung nach Anspruch 4, bei den 

die Fixierungseinrichtung elastische verstarken- 
de Strange umfa&t, die entlang dem ersten und 
dem zweiten iuBeren Endteile einschlie&lich des 
ersten bzw. des zweiten Endes (34, 36) mit den 
Faden verbunden sind. 

9. Vorrichtung nach Anspruch 3, bei der 

die Fixiereinrichtung eine erste und eine zweite 
Anzahl von Fixierungshaken umfa&t, die am 
Spreizkorper (16) am ersten Ende (34) bzw. am 
zweiten Ende (36) montiert sind. 

10. Vorrichtung nach Anspruch 1, weiterhin enthal- 
ten d; 

ein langgestrecktes, flexibles und im wesentli- 
chen nicht ausdehnbares Glied, das axial ver- 
lauft und mit dem ersten und dem zweiten Spreiz- 
k6rperabschnitt (20, 22) nahe am ersten bzw. am 
zweiten Ende (34, 36) zum Konstanthalten der 
axial en Lange des Spreizkorpers (16) wahrend 
der radialen Expansion verbunden ist. 



3. Vorrichtung nach Anspruch 2, weiterhin enthal- 
tend: 

eine Einrichtung zum Fixieren des ersten Endes 45 
(34) und des zweiten Endes (36) am Gewebe- 
wandabschnitt. 

4. Vorrichtung nach Anspruch 3, bei der 

die Spreizkorperabschnitte (20, 22) flexibel sind 50 
und den gegebenen ersten Durchmesser und die 
erste axiale Lange dann haben, wenn sie keiner 
dufteren Kraft unterworfen sind, und elastisch 
auf den zweiten Durchmesser komprimierbar 
sind. 55 

5. Vorrichtung nach Anspruch 4, bei der 

die Fixiereinrichtung einen ersten und einen 
zweiten sich nach au&en erweiternden aufceren 



Revendications 

1. Dispositif se fixant dans une cavite corporeile, 
comprenant : 

un expanseur (16) comprenant des pre- 
mier et second segments sensiblement tubuiai- 
res et coaxiaux d'expanseur tresse ouvert (20, 
22) emboites a coulissement le long de premiere 
et seconde parties respectives axialement inte- 
rieures qui se chevauchent Tune I'autre pour for- 
mer une region mediale (24) de I'expanseur (16), 
lesdits segments d'expanseur (20, 22) compre- 
nant par ailleurs des premiere et seconde regions 
respectives axialement exterieures (30, 32) qui 
ne se chevauchent pas et qui comprennent des 
premiere et seconde extremes respectives et 
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opposes (34, 36) de l'expanseur(16) ; 

lesdits segments d'expanseur (20, 22) 
ay ant au moins le long desdites parties axiale- 
ment inteneures un premier diamine pr$d§termi- 6 
n6 et une premiere longueur axial© predetermi- 
ne, lesdits segments d'expanseur (20, 22) etant 
radialement compressibles a un second diametre 
Inferieur audit premier diametre et a une seconde 
longueur axiale plus grande que ladite premiere w 
longueur axiale afin de faciliter une insertion 
axiale dudit expanseur (16) dans une cavite cor- 
porelle afin de le mettre en un emplacement se- 
lect ionne le long de cette derniere et de fixer en- 
suite I'expartseur (16) I'interieur de la cavite par 15 
mise en application des segments d'expanseur 
(20, 22) contre un segment de paroi de tissu de- 
limitant ladite cavite corporelle ; 

et lesdites premiere et seconde parties 
axialement interieures etant capables de coulis- zo 
ser I'une par rapport a ('autre pour reduire la lon- 
gueur axiale de ladite region mediate (24) lorsque 
lesdits segments d'expanseur (20, 22) se dflatent 
pour § fare mis a ladite application avec fixation po- 
sitive desdites premiere et seconde extrernites 25 
(34, 36) de facon d conserver une longueur axiale 
sensiblement constante dudit expanseur (16) 
pendant ladite expansion radiale. 

2. Dispositif selon la revindication 1, dans lequel 30 
chacun desdits segments d'expanseur (20, 22) 

est un ouvrage tresse ouvert de filaments (18) 
enroules en he-lice d'une matiere resiliente, 
compatible avec le corps. 

35 

3. Dispositif selon la revendication 2, comprenant 
par ailleurs un moyen de fixation desdites pre- 
miere et seconde extrernites (34, 36) audit seg- 
ment de paroi de tissu. 

40 

4. Dispositif selon la revendication 3, dans lequel 
lesdits segments d'expanseur (20, 22) sont f lexi- 
bles et ont un premier diametre et une premiere 
longueur axiale predetermines lorsqu'ils ne sont 

pas soumis a une force exterieure et ils sont 45 
compressibles elastiquement audit second dia- 
metre. 



les diametres desdites premiere et seconde ex- 
trernites (34, 36) sont superieurs audit premier 
diametre d'au moins cinq pour cent. 

7. Dispositif selon la revendication 6, dans lequel la 
longueur axiale de chacune desdites parties ex- 
tremes exterieures evasees est inferieure a un 
tiers de la longueur axiale de celui des segments 
(20, 22) dudit expanseur qui lui est associe. 

8. Dispositif selon la revendication 4, dans lequel le- 
drt moyen de fixation consists en des f ils elasti- 
ques d'armature relies auxdits filaments le long 
desdites premiere et seconde parties extremes 
exterieures qui comprennent lesdites premiere et 
seconde extrernites (34, 36), respectivement. 

9. Dispositif selon la revendication 3, dans lequel le- 
drt moyen de fixation consiste en des premier et 
second groupes de plusieurs crochets de fixation 
montes sur I'expanseur (16) auxdites premiere et 
seconde extrernites (34, 36), respectivement. 

10. Dispositif selon la revendication 1, comprenant 
par ailleurs un element allonge souple et prati- 
quement inextensible, oriente axialement et relie 
auxdits premier et second segments d'expanseur 
(20, 22) a proximite desdites premiere et seconde 
extrernites (34, 36) pour maintenir la longueur 
axiale de I'expanseur (16) a une valeur constante 
pendant ladite expansion radiale. 



5. Dispositif selon la revendication 4, dans lequel 
lesdits moyens de fixation consistent en des pre- 50 
miere et seconde parties extremes exterieures 
evasees desdites premiere et seconde regions 
axialement exterieures (30, 32), respectivement, 
lesdites premiere et seconde extrernites (34, 36) 
ayantdes diametres superieurs audit premier dia- 55 
metre lorsque i'expanseur (16) est a. I'etat de re- 
la* chement 



6. Dispositif selon la revendication 5, dans lequel 
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